The aim of this study was to investigate walking and health among woman age 75 yr or older, in the associations between the highest step up performed without support by an individual and balance, walking, and health among women age 75+. Records of the highest step, balance, walking, and health were made for 307 women age 75-93 yr living in the community. Eighty percent managed to climb steps higher than 20 cm. There was a statistically significant negative relationship between age and stair-climbing capacity. The highest steps registered were significantly and independently associated with a short time on the timed up-and-go test, long functional reach, low body weight, lack of perceived difficulty walking outdoors, low number of "missteps" when walking in a figure of 8, longer time in one-leg stance, ability to carry out tandem stance, no walking aids outdoors, and not being afraid of falling. These variables together explained 67% of the variance in the step-height score.
Climbing stairs and mounting a step represent frequently performed, basic activities in everyday life. Many activities of daily living (ADLs) such as shopping, cooking, and doing laundry involve mastery of stairs. Not being able to manage stairs or steps severely restricts an older adult's life (Collen, Baer, & Ashburn, 2005; Kane & Kane, 2000; Van Iersel, Olde Rikkert, & Mulley, 2003) . The ability to climb stairs and steps of various heights is important in geriatric assessment, and preserving this function is fundamental to maintaining functional independence (Bohannon & Leary, 1995; Collen et al.; Stineman, Ross, Fiedler, Granger, & Maislin, 2003; Van Iersel et al.) .
Step height is an independent predictor of falls, and 11% of the falls in elderly women occur while they are climbing stairs (Bergland, Jarnlo, & Laake, 2003) . Stair walking accounts for the largest percentage of falls in public places, with four of five falls occurring during stair descent (Hamel, Okita, Bus, & Cavanagh, 2005; Lord, Sherrington, & Menz, 2000) . Hamel and Cavanagh (2004) concluded that confidence related to negotiating stairs plays a major role in determining risk-taking propensities of older adults when they use stairs. Stair walking or climbing is similar to level walking in that it involves stereotyped reciprocal alternating movement of the lower limbs (Cesari, Formenti, & Olivato, 2003; Roys, 2001) . Successful negotiations of stairs involves three requirements: (a) the generation of primarily concentric muscle forces to propel the body up stairs or (b) the eccentric muscle forces to control the body's descent down stairs while controlling the body's center of mass within a constantly changing base of support and (c) the capacity to adapt strategies used for progression and stability to accommodate changes of stair environment, such as height, width, and the presence or absence of railings (Cesari et al., 2003; McFayden & Winter, 1988) . A staircase consists of many steps. Stepping up a single step, however, is an activity different from climbing stairs; studies show that the weight shift requires a degree of lateral movement at the pelvis in a single step, as well as in level walking and stair climbing (Collen et al., 2005) .
To mount steps of various heights is a demanding task and probably more relevant for older adults living in the community than for those living in institutions. The ability to step up a single step without support is a fundamental mobility skill that enables people to negotiate curbs and single steps safely, both inside and outside the home (Collen et al., 2005) .
To our knowledge, most previous studies have focused on the time taken to descend and ascend stairs and how many steps an individual can descend or ascend. Few, if any, have focused on how the height of the steps relates to the other factors of balance, walking, and health in people older than 75 years in the same study. Thus, the aim of our study was to investigate associations between step height without support and balance, walking, and health in women over 75 years of age.
Methods

Participants
A random sample of 307 women age 75 years or older (response rate 74.5%) selected from the census files of one of the local authorities in Oslo (Sogn) was made available for our study. Women who were unable to reach the research office alone were excluded, as were those who had some major cognitive impairment (sum score <8) on a short version of the Mini-Mental State Examination (MMSE) consisting of 12 items, each scored 0/1 (Braekhus, Laake, & Engedal, 1992) . In this study, impaired cognition was defined as less than a full score on the MMSE short version (Bergland et al., 2003) . The procedure for selection, inclusion, and exclusion of participants is described in more detail elsewhere (Bergland et al., 2003) . The Regional Committee for Medical Ethics approved the study but did not allow us to contact nonattendants.
Tests and Self-Reported Measurements
Ability to Climb Steps. As a test of climbing steps, the ability to mount boxes of increasing heights (10, 20, 30, 40, 50, 60 , and 70 cm) without support has been recorded by Frändin, Sonn, Svantesson, and Grimby (1995) . This test has been evaluated for validity but not for reliability (Bergland et al., 2002; . The test presented by Frändin, however, had a top score of 50 cm; thus our test represents a modified version because the participants could achieve higher scores than 50 cm. The height of the highest box mounted was recorded.
One-Leg Stance. Each participant was asked to stand on her preferred foot (barefoot), flexing the opposite knee to lift the opposite foot from the floor, and stand as long as possible with the arms hanging down (Frändin et al., 1995) . The foot being used was kept stable in the base position, but compensatory movements of the arms and of the lifted leg were allowed. The time (in seconds) before the participant touched the floor with the other foot was recorded. Changes in the validity of this test and high reliability have been demonstrated (Bergland & Wyller, 2004; Jarnlo & Nordell, 2003) . Three trials were allowed, and the best trial was recorded.
Tandem Stance, Eyes Open. The heel of one foot was placed in front of and touching the toes of the other (barefoot), the arms hanging down. The participant was not allowed to move her feet from the base position, but compensatory movements of the arms were allowed. Whether the participant could maintain this position or not for at least 30 s was recorded. This test has been found to be highly reliable and valid (Jarnlo & Nordell, 2003; Bergland & Wyller, 2004) .
Functional Reach. Functional reach is the maximum distance (cm) an individual can reach forward in the standing position while maintaining a fixed base of support. This measure is reliable, valid, and sensitive to change (Duncan, Weiner, Chandler, & Studenski, 1990 ).
Walking in a Figure of 8. Participants were barefoot and walked twice at a comfortable speed in the space between two adjacent pairs of concentric circles, the inner with a radius of 75 cm and the outer of 90 cm. The number of "missteps" (times the circumferences were touched or crossed) was recorded (Frändin et al., 1995; Johansson & Jarnlo, 1991) .
Timed Up-and-Go. Mobility and balance were measured by the timed up-and-go (TUG) test (Podsiadlo & Richardson, 1991) . Participants were instructed to rise from a chair, walk 3 m as fast as possible, turn around, return, and sit down again, wearing regular footwear and using customary walking aids if necessary (Podsiadlo & Richardson) . No personal assistance was given. The outcome was the time from when a participant's back left the back of the chair until her buttocks touched the seat again. The test is a reliable, sensitive, and specific indicator of increased risk of falling (Shumway-Cook, Brauer, & Woollacott, 2000) .
Comfortable and Maximal Walking Speed. Participants were asked to walk from a standing-still position at a comfortable speed (m/s) for 29 m along a corridor and then to walk the same distance as quickly as possible. This test has been evaluated for validity and reliability (Bergland & Wyller, 2004) .
Self-Reported Walking and Balance. The use of walking aids was recorded, and difficulties walking indoors or outdoors have been reported (Bergland et al., 2003) .
Participants also provided information regarding the number of outdoor walks they took per week (Frändin & Grimby, 1994) .
Health and Social Resources. Subjective health was scored 1-5 (very bad to very good; Thorslund & Nordström, 1993) , and health-related quality of life was measured by the 20-question version of the General Health Questionnaire (Goldberg, 1985) . Participants were also asked if they had ever had any of the following diseases: stroke, Parkinson's disease, heart disease, eye disorder, vertigo/dizziness, headache, high blood pressure, low blood pressure, chest disease, diabetes, rheumatoid arthritis, osteoporosis, arthritis/arthrosis in the lower limbs, insomnia, depression, anxiety, or other pathological states such as having had a lower limb amputated. The number of these diseases was recorded. The participants were asked to bring in all current medications for verification. The drugs were coded according to the ATC-coding system (WHO Collaboration Center for Drug Statistics Methodology, 2000) , and the number of drugs taken on a regular basis was used as a global indicator of medication use. Each woman was weighed and her height measured.
Furthermore, three "energy/lethargy" items from the Fillenbaum MEAQ inventory (Fillenbaum, 1988) were applied: "feeling general weakness much of the time," "difficulty in keeping balance in walking," and "troubled by heart pounding or shortness of breath." Participants were asked whether they received care and whether they were afraid of falling (yes/no). Information on social resources was tapped through questions regarding living conditions (living alone: yes/no) and problems with participation in social organizations (yes/no).
Statistics
Statistical analyses were carried out using the SPSS program (Pallant, 2005) . In bivariate analyses, associations with stair-climbing capacity were expressed as Spearman's correlation coefficients, which are suited for categorical variables (Portney & Watkins, 2000) . Linear-regression analyses with forward stepping were used to identify factors independently explaining the step heights. All items statistically significant at p < .05 in bivariate analyses were included in the regression analyses.
Results
The mean age of participants was 80.8 years (range 75-93). Figure 1 shows the distribution of the maximal step heights managed. There was a statistically significant negative relationship between age and step height (r = -.29, p < .01). Table  1 shows the scores for the clinical tests of balance and walking by age. All these tests displayed a strong association with age in the sense that younger participants performed better than those in the higher age groups (Table 1) .
The highest correlations with step heights were found for performance tests, primarily those related to balance and mobility, for example, walking in a figure of 8, maximum walking speed, TUG, and one-leg stance (Table 2 ). Individuals with good performance on these tests performed significantly better on the step-climbing test. This task was also significantly related to the reported use of walking aids outdoors, perceived difficulty of walking outdoors, and, to some extent, healthrelated factors such as perceived health and number of drugs taken ( Table 2 ). The range of correlations with the performance-based tests was .44-.74, compared with .14-.54 for the self-reported items (Table 2) . Poor performance on TUG and functional reach, high body weight, perceived difficulty with walking outdoors, high number of "missteps" in walking a figure of 8, short time in one-leg stance, inability to perform tandem stance, use of walking aids outdoors, and fear of falling were the items independently associated with poor performance on the step-climbing test and together explained 67% of the variance in the step-climbing score (Table 3) . 
Discussion
In this random sample of elderly women living in the community, we found that 1 in 5 were unable to climb steps higher than 20 cm-the most usual step height in Norwegian homes-without support (Figure 1) . Van Iersel et al. (2003) found that about a third of older people living at home have some difficulties with stairs. The somewhat higher prevalence estimated by Van Iersel et al. might relate to sample selection and different methods of measurement. Little previous evidence has been found equating stair climbing with climbing steps of different heights, but Gill, Kelley, Williams, and Martin (1994) reported that increasing step height negatively affects stair climbing. Furthermore, both climbing stairs and mounting a single step require the generation of concentric forces at the knee and ankle for forward vertical progression (Shumway-Cook & Woollacott, 2007) . In contrast to ascending stairs or climbing onto a step, descending stairs and getting down from a step are achieved largely through eccentric contraction of the hip, knee, and ankle extensors, which control body position in response to the accelerating force of gravity. Research has shown, however, that many features other than step height are critical in establishing effective movement strategies for climbing stairs (Shumway-Cook & Woollacott), so caution should be exercised with respect to generalizing from performance such as mounting a single step to climbing stairs.
Other authors have found that individuals with stair-climbing problems tend to be older (Smith et al., 1994; Startzell, Owens, Mulfinger, & Cavanagh, 2000) , which corresponds with our bivariate results. Williamson and Fried (1996) reported that ascending and descending stairs were among the top five tasks that communitydwelling individuals over the age of 60 listed as being difficult "because of old age." In our study, however, age did not contribute significantly when other variables were taken into account (Table 3) .
The correlations between the ability to climb steps and the performance-based tests were higher than those with self-reported measurements (Table 2 ). This was not unexpected, because climbing steps is also a performance-based test. The observed performance is a criterion against which to compare self-reports because of its potential to provide more detailed assessment of functioning (Magaziner, Zimmerman, Gruber-Baldini, Hebel, & Fox, 1997) .
The correlation coefficient r was .74, indicating that the score of walking in a figure of 8 explains more than 55% (r 2 ) of the variation in the scores of step heights. What counts as a satisfactory level of correlation is a matter of interpretation. According to Cohen's (1988) criteria for correlation, a correlation of .5 is large, .3 is moderate, and .1 is small. Altman (1990) points out that a small correlation might be important in an epidemiological study but clinically unimportant. The correlations between step height and the items of health, walking, and balance in Table 2 were low to moderate, ranging from .14 to .74. The strongest associations were found regarding measures reflecting walking and balance. The associations were markedly lower for health-related items (Table 2) . Mori, Lundon, and Kreder (2005) had findings similar to ours, reporting that the scores on their 13-m walking test were significantly correlated to stair-performance measures, in our case mounting steps. This fits in with suggestions that climbing stairs and mounting a single step appear to be special ways of walking (Collen et al., 2005; Hemenway, Solnick, Koeck, & Kytir, 1994; Williams & Bird, 1992) . Frändin and Grimby (1994) found that 76-year-old women's performance in climbing steps, using the same test, was significantly correlated with maximum walking speed, self-rated physical fitness, and physical activity. This is in line with our results; however, our sample was older, ranging from 75 to 93 years of age. Coakley et al. (1998) found that obese women showed a lower level of physical functioning in climbing stairs, which might correspond to our results (Tables 2 and 3 ).
The step-climbing task forced participants to stand on one leg, that is, balance on a relatively smaller support surface, and at the same time move the other leg upward against the pull of gravity. This might explain the relationship with walking in a figure of 8 and the one-leg stance. Both static and dynamic functional balance were significantly related to step-climbing capacity. This fits in with the results of Frändin et al. (1995) , who found that in 76-year-old participants the variables functional balance, one-leg stance, and walking in a figure of 8 were significantly correlated with step-climbing capacity. Frändin et al. used the same procedure for testing that we did; however, their study population was younger than ours.
Use of walking aids has previously been shown to be an indicator of impaired balance (Powell & Myers, 1995; Thornbahn & Newton, 1996) . In agreement with those studies we found an independent association between use of walking aids outdoors and poor performance in climbing high steps without support.
The inability to climb high steps might be conceptually related to fear of falling, as shown in Tables 2 and 3 . Fear of falling is common in older adults and is associated with increased frailty (Arfken, Lach, Birge, & Miller, 1994; Lach, 2005) . Fessel and Nevitt (1997) concluded that fear of falling is associated with limitations in such activities as stair climbing and walking. Hughes, Osman, and Woods (1998) found that ability to climb stairs was significantly related to TUG and functional reach. The strong bivariate and multivariate relationships we found between the step-height variable and the TUG indicate that they are functionally related and markers of functional levels.
The sample population is relatively homogeneous, which is a strength of our study. The sample consists of 307 generally healthy, active older women living in the community. Institutionalized older adults might have poorer balance, more impaired mobility, and poorer health than community-dwelling older adults. Consequently, it is likely that the results of the current study underestimate the relationship between these factors in the older population as a whole. One limitation of this study relates to the fact that the height of the steps is only one aspect of the complex activity of climbing stairs. Another perspective could be to test participants with and without support. Three of four (78%) participants managed to climb steps 30 cm or more high without support. If one can climb 30 cm only with support (i.e., handrail), one might still be able to manage public transportation (buses, trains) without problem. The distinction between being able to mount a single step in an open space and being able to go up and, more important, come down a flight of 13-16 steps is important when evaluating the results. Climbing a flight of stairs also challenges endurance (oxygen uptake), whereas climbing high once mainly challenges others systems such as muscle strength, muscle power, balance function, and coordination. Stair-climbing ability could be measured as the time required to climb one flight of stairs, the number of flights of stairs climbed, fear of falling, and step height.
Because there is no uniformity in assessing the ability to negotiate stairs in research (van Iersel et al., 2003) , it is difficult to compare the results.
In conclusion, our findings provide further evidence that difficulty with climbing steps of different heights is a marker of impaired balance and reduced ability to perform functional tasks integrated in daily living. Several factors related to maximum step height have been identified and can be used to assess and identify risk factors for its development. In practice public health professionals should consider the maximum height of steps in developing screening and health programs for the elderly and as an important avenue for further research. Climbing steps is a safe, low-tech test; inexpensive; familiar to patients; and available to most health workers. Improving muscle strength and balance and walking might improve the performance of older adults in mounting steps.
